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4−10.6 MCP Function Switches And LEDS 4−13. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−10.7 BERR Handling 4−14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−11 Data Conditioning and Encoding PWA 4−14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−11.1 Data Format Conversion 4−14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−11.2 Convolutional Encoding 4−14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−11.3 Phased−Lock Loop 4−14. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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4−11.7 Data Presence Detection 4−16. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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4−12.2 1553 Interface 4−16. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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4−12.9 RF Status and Control 4−19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−13 Synthesizer PWA 4−19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−14 Forward Modulator 4−19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−14.1� 70−MHz UQPSK Modulator 4−19. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4−14.2� Modulated 370−MHz IF Output (Low Data Rate Mode) 4−22. . . . . . . . . . . . . . . . . . . . . 

4−14.3� Modulated 370−MHz IF Output (High Data Rate Mode) 4−22. . . . . . . . . . . . . . . . . . . . 
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530−STGT−IE310

1 − 6

RF equipment groups, respectively, and other
configuration items (when applicable), in the
subsystem in which it is utilized. Figure 1 − 2
shows the SSA and MA interface configuration,
and figure 1 − 3 shows the KSA low data rate
interface configuration.  The following paragraphs
provide simplified functional and interface infor−
mation for the MDP LRUs; refer to figure 4 − 1 for

the functional block diagram.      

1−3.2�Power Supply No. 1

PS1 accepts the 120 − Vac site − supplied power
and outputs regulated +5.0 Vdc, +5.0 RF Vdc,

and +/ − 15.0 Vdc source power for circuits
throughout the MDP.

1−3.3�Power Supply No. 2

PS2 accepts the 120 − Vac site − supplied power
and outputs regulated − 5.2 Vdc and +/ − 12.0 Vdc
source power for circuits throughout the MDP.

1−3.4�Modem Control Processor PWA

1−3.4.1�MCP Functions − The MCP provides

the required computations, scheduling of

events, and overall control of MDP operations

via the VMEbus. The MCP provides the

following:

a. A 68030 central processing unit (CPU) operat−
ing at 25 MHz.

b.D Capability of up to 5 mega − instructions per
second (MIPS) through the 1 − Mbyte on−
board static random access memory (SRAM)
and the on − chip cache.

Figure 1−2.�Modulator/Doppler Predictor Interfaces for the MA Receiver/Transmit
and SSA Equipment Configurations
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370 MHZ IF
MODULATED

A
42

74

UNMODULATED
370 MHZ IF

COMMAND DATA
(TTL)

SSA
OR
MA
CONTROL
HWCI HWCI

CONTROL
MA
OR
SSA

*

* REMOTE TERMINAL ADDRESS IS JUMPERED
WITHIN THE SITE INTERFACING CONNECTOR.
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*

* REMOTE TERMINAL ADDRESS IS JUMPERED
WITHIN THE SITE INTERFACING CONNECTOR.
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530−STGT−IE310

1 − 8
DCN − 002

d.D Symbol format conversion: NRZ to biphase
conversion (applied after encoder, supported
for S − Shuttle modes 1 and 2 rates only).

e.D PN spreading: PN spreading for command
and range channels, PN code generation,
external PN clock input (from TIME), and
epoch synchronization with 1 PPS.

f.D Clock detection: detect if clock rate is less
than 97 Hz.

g.D Data presence check: detect any data transi−
tion between data presence status checks
(VMEbus read of DCEC status register).

h.D VMEbus interface: control registers for on−
board and offboard functions, status registers
for board status, and built − in test (BIT) status
LEDs.

1−3.5.2�DCEC Interfaces − DCEC provides

the following interfaces:

a.D FMOD: DCEC provides range channel data,
command channel data, and signal modula−
tion control.

b.D TIME: DCEC accepts timing signals (1000
PPS and PN code NCO) and provides PN
code epochs.

c.D MCP:DDCEC (via the VME bus) accepts
configuration/operation control data and pro−
vides status data.

1−3.6�Timing Generator PWA

1−3.6.1�TIME Functions −  TIME provides the
following functions: alignment of internal timing
with CTFS supplied 1 PPS, time − of − year (TOY)
data from the input IRIG − B signal, timing and
epoch interrupts, time transfer measurement
(epoch count), communicates with the VMEbus
via a MIL − STD − 1553 interface, epoch status
interface between DCEC and VMEbus, two nu−
merically controlled oscillators (NCOs), power
source measurements, and MDP front panel
interface with VMEbus.

1−3.6.2�TIME Interfaces −  TIME provides the
following interfaces:

a.D Time − of − year (seconds, minutes, Hours,
and days) information to the VMEbus from the
externally input serial IRIG − B data.

b.D A controlled MIL − STD − 1553B interface with
the VMEbus.

c.D DCEC: TIME provides timing signals (1000
PPS and PN code NCO) and accepts PN code
epochs.

d.D Timing and epoch interrupts to the VMEbus
from the 1 PPS, epoch, 50 − MHz signals and
accept masking of any or all of these inter−
rupts. An epoch count to the VMEbus. The
epoch count is defined as the number of
10 − MHz clocks between the 1 PPS and the
epoch mark.

e.D FMOD: TIME accepts automatic level control
(ALC) analog signals which are digitized and
provided to the VMEbus. The ALC signals are
for the 370 MHz modulated and unmodulated
IF outputs.

f.D SYNTH: TIME provides an NCO output that is
MCP controlled (via VMEbus).

g.D Output digitized voltage measurements to
MCP (via VMEbus upon command) of the
analog ALC signals from FMOD and various
power sources.

h.D A register that is capable of being observed at
test points on the P3 connector and is
controllable by the MCP. A driver register that
interfaces the VMEbus and P2 connector.

1−3.7�Synthesizer PWA

1−3.7.1�SYNTH Functions −�SYNTH uses

phase − locked loops (PLLs) and divider circuits to
generate the necessary clocks and timing signals
needed by the MDP circuits. SYNTH uses the
10 − MHz input from the common time and fre−
quency system (CTFS) to ensure system phase
synchronization. SYNTH also provides an LED
indicating the 61.5 − MHz PLL is locked, the
140 − MHz PLL is locked, and the 10 − MHz refer−
ence signal is present.
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530 − STGT − IE310

3 − 3

Figure 3 − 1.<Modulator/Doppler Predictor Front and Maintenance Panel
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530 − STGT − IE310

3 − 5

Figure 3 − 3.<Power Supply No. 1 Control and Indicators
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D5P

COMMAND
DATA

COMMAND
CLOCK

1 PPS

IRIG B

1553 BUS

DATA
CONDITIONING
AND
ENCODING
7473800–500

1KPPS EPOCHS

TIMING
GENERATOR
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CONTROL/
STATUS

FRONT PANEL
CONTROLS AND
INDICATORS

VME BUS

CONTROL

RANGE DATA

COMMAND DATA

MOD, UNMOD ALC

NCO OUTPUT (20 MHZ)

STATUS

50 MHZ

MODEM
CONTROL
PROCESSOR
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FORWARD
MODULATOR
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SYNTHESIZER
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MODULATED
370 MHZ IF

UNMODULATED
370 MHZ IF

LO LO

NCO
OUTPUT
PN
CLOCK

1547558
MODULATOR
GN
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IF
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IF
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                  Figure 4−2.�MDP Operating States
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Figure 4−3.�Modulation Configuration Used for Non−Shuttle MA, SSA,
and KSA Bit Rates Less Than or Equal to 300 Kbps
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Figure 4−4.�Modulation Configuration Used for Shuttle K−Band and KSA
Bit Rates Greater Than 300 Kbps
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4−6.3�Ephemeris processing maintains an
ephemeris database with a maximum size of 50
minutes’ worth of data. The MDP is capable of
saving ephemeris updates up to 60 minutes past
its current time. Any ephemeris data greater than
60 minutes in the future is discarded. Ephemeris
data provides for compensation of the carrier and
code.

4−7 Carrier Sweep and Break Lock

4−7.1�Carrier sweep is used to assist in forward
user acquisition if the user state vector is suspect
(i.e. near or greater than +/−9 seconds off in time
for S−band or +/−4.5 seconds for K−band) or
the transponder receiver �best lock" frequency is
suspect (i.e. temperature drift considerations).

a. When configured for �SN Sweep" by the
databus, carrier sweep operates as follows:
When carrier sweep is commanded, the MDP
modifies the commanded Doppler profile by
adding to it a linear ramp having a starting
value of −3.0940 kHz for SSA and MA and
−30.8490 kHz for KSA at the specified
execution time. The final value of the ramp is
+3.0940 kHz for SSA and MA and +30.8490
kHz for KSA; 120 seconds after the com-
manded execution time. In the event of
subsequent sweep commands, the sweep
ramp is always applied to the commanded
Doppler profile. For times beyond the com-
pleted sweep, the modified Doppler profile is
equal to the commanded Doppler profile plus
the final value of +3.0940 kHz or +30.8490
kHz.

b. When configured for �GN Sweep" by the
databus, the MDP modifies the output fre-
quency profile by adding the GN sweep
profile to the Doppler profile that is in effect at
the time.  A single GN sweep is made up of
four sweep segments, each segment lasting
�GN Sweep Duration," in seconds.  The four
segments are: (1) from the nominal Doppler
profile down to �GN Sweep Range" (Hz)
below the Doppler profile frequency, (2) from
that frequency back to the nominal profile
frequency, (3) from the nominal frequency up
to �GN Sweep Range" above the nominal
Doppler profile frequency, and (4) from that
frequency back down to the nominal profile
frequency.  If the sweep count command
parameter is a positive integer, the MDP will
execute this number of complete sweeps
contiguously, ending at the Doppler profile
frequency and following the profile.  If the
sweep count parameter is zero, the MDP will

repeat this sweep pattern until another sweep
command is received.  The MDP will discon-
tinue the sweep on the first return to the
Doppler profile following the second sweep
command.

4−7.2�The break lock function is used to break
lock on the forward link when it is suspected that
the user transponder has false locked.  Break lock
command causes the MDP to initiate an abrupt
change in output frequency, where the step size
and direction are provided as a command
parameter. The step size in 1 kHz increments can
be between +/−335 kHz for SSA, +/−1.260 MHz
for KSA, and +/−185 kHz for MA.

4−8 Command and Range

PN Channels

4−8.1�All MA, SSA, and KSA configurations with
a data rate less than or equal to 300 kbps include
separate but simultaneous command and range
channels. All Shuttle configurations and KSA
configurations with a data bit rate greater than 300
kbps inhibits command and range channels. The
command and range channels provide a solution
to the conflicting requirements for range ambiguity
resolution and multipath protection. The com-
mand channel (applied to the I channel of the
modulator) includes a rapidly acquirable PN code
and contains the forward service data.

4−8.2�The range channel (applied to the Q
channel of the modulator) is acquired separately
and contains a PN code that satisfies the range
ambiguity resolution requirements. For Shuttle
S−band and K−band configurations, there is no
data channel ambiguity to be resolved since there
is only a single data channel. For the Shuttle
S−band, data phase ambiguity is resolved on the
Shuttle by rate 1/3 Viterbi decoding. For the
Shuttle K−band, the data phase ambiguity is
resolved on the Shuttle by frame synchronization.

4−8.3�Prior to transmission, the epoch (the all 1’s
condition) of the range channel PN code is time
synchronized to one of the periodic epochs of the
command channel PN code generator. Because
user spacecraft command channel acquisition
must precede user spacecraft range channel
acquisition, this feature limits the range channel
PN code search to only 256 chip positions, while
the range channel PN code itself contains 261,888
chips. This also permits rapid detection of time
spread on the received range channel signal
identifying acquisition of a diffuse multipath signal.
By the user spacecraft transferring the PN code
tracking loop to the range channel after range
channel acquisition, subsequent multipath inter-
ference is prevented.
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Figure 4−6.  MCP Functional Block Diagram
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4−11.5.2#The PN epochs are initially aligned with

the 1 − PPS signal. Synchronization is selected by

an IAlign PN" control bit in the DCEC control

register. Toggling this control bit to and from its

active state causes the PN code generator to be

loaded in such a way that the first rising edge of a

PN clock is the start of the epoch state and the next

PN clock is the end of the epoch state. Thus, the

accuracy of the 1 − PPS synchronization depends

on the accuracy to which the first PN clock can be

aligned with the 1 − PPS. PN chip asymmetry is

less than or equal to 0.01 of a PN chip.

4−11.6  Clock Detection

DCEC has a clock detection circuit that checks

whether the input clock has positive transitions at

a rate greater than 97 per second. Clock rates less

than 97 Hz are considered to be in error. The

output of this circuit is represented by the IClock

Error" status bit and is latched on any error and

cleared after being read by the MCP. Data is

clamped to a logical I1" when a clock error is

detected, but this can be overridden by the

IClamping Override" bit in the control register.

4−11.7  Data Presence Detection

This circuit detects data transitions.  The circuit

shows an error in the DCEC VMEbus status

register if no transition has been detected since

the last time this register was read.

 

4−11.8  DCEC Registers

The control register is a read/write register used to

control data formats, select encoders, and select/

control other board functions. The control register

address offset is 1000A (hex). This register is also

used to output the high/low rate and range

channel disable control signals to FMOD. The

forward modulator status register is a read − only

register that provides status of forward modulator.

The forward modulator status register address

offset is 10008 (hex).  The LED register provides

BIT status and has read/write capabilities. The

register uses inverted logic in that a I1" represents

a turned − off light and a I0" represents a turned −

on light. The address offset of the LED register is

10004 (hex).

4−12 Timing Generator PWA

Refer to figure 4 − 8 for the following TIME function−

al description. The address select enables the

control logic section of TIME by matching address

lines A23 − A19 of the VMEbus address with the

board select bits of the P2 connector. The

remaining 18 address lines (A18 − A01) are then

used by the control logic to determine the transfer

function to be processed.

4−12.1  IRIG Decoding

TIME provides the capability of decoding unmodu−

lated IRIG − B data into components of seconds,

minutes, hours, and days, and to buffer these

signals to the data lines on the VMEbus when

enabled by the control logic. The IRIG − B data is

updated and written to RAM between the 0 msec

and 500 msec marks. The data is valid for reading

from RAM between the 500 msec and 0 msec

marks. The time components are in binary − coded

decimal (BCD) format.

4−12.2  1553 Interface

TIME provides a transformer − coupled 1553 inter−

face between the VMEbus and the P2 connector.

The interface to the P2 connector consist of two

transmit/receive transformers and the remote

terminal address inputs. The interface to the P1

connector consists of the address and data lines

to read/write to 1553 control/status registers and

RAM.
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Figure 4−8.�TIME Functional Block Diagram
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Figure 4−9.  SYNTH Functional Block Diagram
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e. Carefully lower bottom panel to gain access

to power supplies.

f. Refer to the following list of voltage adjust−

ments and to figures 5 − 1 and 5 − 2 for location

of adjustment potentiometers when perform−

ing power supply voltage adjustments.

Power Test

Supply Adjustment Point Voltage

PS1 V − ADJ #1 +5 +5.0 +/ − .25 Vdc

PS1 V − ADJ #2 +15 +15.0 +/ − .5 Vdc

PS1 V − ADJ #3 − 15 − 15.0 +/ − .5 Vdc

PS1 V − ADJ #4 +5RF +5.0 +/ − .25 Vdc

PS2 V1 − 5.2 − 5.2 +/ − .25 Vdc

PS2 V2 +12 +12.0 +/ − .25 Vdc

PS2 V3 − 12 − 12.0 +/ − .25 Vdc

WARNING

When adjusting voltages, beware of
power terminals. Voltage present may
cause DEATH or injury.

g. Set AC POWER ON/OFF switch to ON.

h. Connect digital voltmeter to respective power
supply voltage test points on the maintenance
panel and adjust voltage to within specifica−
tions. If specifications cannot be achieved,
replace faulty power supply and repeat this
procedure.

i. Set AC POWER ON/OFF switch to OFF.

j. Carefully raise bottom cover and using a flat
tipped screwdriver, tighten nine captive
screws securing bottom cover to unit chassis.

Figure 5 − 1.�Power Supply No. 1 Voltage Adjustments
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Figure 5 − 2.�Power Supply No. 2 Voltage Adjustments
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k. Disengage the rail guide locks and slide unit
slowly into equipment cabinet ensuring a
clear entry.

l. Tighten four front − panel captive screws to
the cabinet assembly.

m. Make a visual inspection ensuring no cables
are being pinched and that the unit is properly
seated within the cabinet assembly.

5−4 Fault Isolation (Troubleshooting)

Information to aid fault isolation within MDP to an
LRU is presented in table 5 − 3. This procedure is
performed at the unit level with MDP LOCAL/
REMOTE switch set to the LOCAL position. Before
performing any procedures, refer to paragraph
3 − 5 for safety information. Procedures for trouble−
shooting the MDP may be used in conjunction with

troubleshooting procedures in the respective
O&M manuals (see section 3, paragraph 3 − 8). If
an LRU in the MDP is faulty, refer to paragraph 5 − 7
for removal/replacement (R/R) procedures. The
line maintenance technician (LMT) replaces the
faulty LRU with a spare and sends the faulty
assembly to the HMD for fault verification prior to
shipment to the manufacturer for depot repair.

WARNING

Before attempting to perform any trou−
bleshooting procedures, ensure that
power has been removed (when pos−
sible) to prevent injury or DEATH from
electric shock. It is recommended that
at least two people are present at all
times when working on energized
equipment.
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Figure 5 − 3.  MCP PWA Component Location Diagram
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Figure 6−2.�Modulator/Doppler Predictor (Front View)
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Figure 6−3.  Modulator/Doppler Predictor (Side View)
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Figure 6−4.  Modulator/Doppler Predictor (Rear View)
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